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Introduction   
   
Atrophy of alveolar bone ridge occurs frequently in patients as a 
consequence of periodontitis, tooth extractions and craniofacial traumas.
1 
Patients 
who are partially or totally edentulous need replacement of their missing teeth 
which can be obtained by conventional dentistry with removable partial denture or 
implant supported prosthesis. However, inadequate bone height and width prevent 
the placement of implants unless the deficient areas have bone grafts placed or the 
inferior alveolar nerve repositioned.
2
Modalities to augment bone defects include 
autogenous onlay bone graft
3,4
,guided bone regeneration
5,6
, alloplastic 
augmentation
5,6
, and alveolar split grafting
7
. Each of these modalities has its 
advantage and disadvantage. 
Use  of  autogenous  bone  graft  is  the  technique  most  commonly  used  
to increase the height of the alveolar ridge.
8,9  
However bone grafts have several 
limitations. It does not always assure the desired bone regeneration, particularly in 
large bone defects. In such cases, a secondary donor site is needed and the soft 
tissue may be unable to cover bone. The donor site morbidity and graft rejection is 
expected. Nerve repositioning may result in paresthesia from nerve manipulation, 
although a high implant survival is likely.
1
While guided bone regeneration has 
been extensively documented,
5,6 
it is often difficult to provide optimal space for 
the regeneration of the desired bone volume and therefore better suited for 
limited defects. 
Alloplastic materials do not provide an ideal bed for rehabilitation with 
osseointegrated implants. In addition none of these methods offer predictable results 
and they all require a greater waiting time between surgeries to increase Distraction 
osteogenesis is a biological process that stimulates the formation of new bone 
following the gradual separation of two bone segments previously joined together. 
This concept of bone lengthening was first described by Codivilla
10
, who reported 
the lengthening of femur. This was further popularized by G. Illizarov
11,12,13
,who is 
credited with having defined and established the biological bases for the 
clinical use of osteogenesis distraction in the management of different bone 
deformities. Block et al
2,14, 
applied these principles experimentally and were the 
first to publish studies on the use of alveolar distraction osteogenesis ( ADO) in 
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Abstract      
                         
The development of Distraction Osteogenesis required defining new concepts in regeneration 
of bone and soft tissue. To initiate and control the distraction process, surgical instruments 
specific to the biomechanical requirements of the technique needed to be developed. Rigorous 
analysis of the initial results was needed to define the biologic basis of the process. To reach 
the current state of this technology required many years.  Today this technology holds immense 
potential in reshaping surgical endeavors in the future. This review aims to highlight important 
milestones and maxillofacial applications of this promising technique. 
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the lengthening of femur. This was further popularized 
by G. Illizarov
11,12,13
,who is credited with having 
defined and established the biological bases for 
the clinical use of osteogenesis distraction in the 
management of different bone deformities. Block et 
al
2,14, 
applied these principles experimentally and were 
the first to publish studies on the use of alveolar 
distraction osteogenesis (ADO) in animals in 1996. In 
the same year, Chin and Toth
15 
reported the clinical 
use of ADO as a treatment in alveolar ridge 
deficiencies in the maxillary arch. 
 
The ADO is a method that allows augmentation 
of alveolar ridge height with new  bone  
formation
16,17,18    
as  well  as  obtaining  a  significant  
increase  in  the surrounding  soft  tissues,  offering  a  
predictable  result,  with  low  morbidity  and infection  
rates  and  a  significantly  shorter  waiting  period  for  
rehabilitation  with implants (10 weeks) in comparison 
with the traditionally used methods.
16,19 
 
Historical Perspective 
 
Osteogenic distraction is defined as the 
creation of neoformed bone and adjacent soft tissue 
after the gradual and controlled displacement of a bone 
fragment obtained by surgical osteotomy. Many tissues, 
besides bone have been observed to form under 
tension and stress, including mucosa, skin, muscle, 
tendon, cartilage, blood vessels, and peripheral 
nerves.
11,12,20 
Research into osteogenic distraction 
originated in the fields of orthopedics and 
traumatology. The first description of this technique 
was by Codivilla
10 
in 1905 when, after femoral 
osteotomy, he subjected the fragments to a strong 
tension using nails fixed in the bone. However, the 
Russian traumatologist Gavriel Ilizarov was responsible 
for the major development in this technique in the 
1950s, with the design of new distraction.
11,12 
 
Modern distraction osteogenesis evolved 
primarily from the work of Gavriel Ilizarov. Starting in 
the 1960’s in his modest clinic in Kurgan, Siberia, 
Ilizarov conceptualized the basis of this reconstructive 
method. He was confronted with many patients with 
difficult traumatic and developmental limb deformities. 
These complicated nonunions, malunions, and 
nonhealing wounds would be difficult to manage even 
in the most sophisticated medical center. Modern 
equipment and procedures available to other surgeons 
were lacking in his basic rural clinic. Ilizarov responded 
to this challenge by developing a new system of 
reconstructive surgery. 
 
Development of distraction osteogenesis 
required defining new concepts in regeneration of 
bone and soft tissue. To initiate and control the 
distraction process, surgical instruments specific to the 
biomechanical requirements of the technique needed 
to be developed. Rigorous analysis of the initial results 
was needed to define the biologic basis of the process. 
To reach the current state of this technology required 
many years. Over a period of thirty years, the clinic 
consisting of a single wooden building was replaced by 
a modern, state-of-the-art medical center engaged in a 
combination of patient care, clinical research, basic 
science research, and instrument development. In the 
beginning, the treatments involved use of available 
instruments and basic surgical techniques. The use of 
percutaneous wires to manipulate bone fragments is 
still an important part of the Ilizarov method. To gain 
control of the wires and thereby the bones, Ilizarov 
developed the ring fixator. The rings could be joined by 
a variety of threaded rods and hinges providing fixation 
which was versatile and adaptable. 
 
After Ilizarov’s work was recognized by the 
Soviet medical establishment, his modest wooden clinic 
evolved into a state-of-the-art medical center and 
research facility. Over a period of 30 years, Ilizarov 
explored the basic science, defined parameters for  
clinical  application,  and  improved  the  
instrumentation  for  the distraction osteogenesis 
process. Restricted communication between Soviet and 
western medical communities limited dissemination of 
the work outside Russia. With recent improvements in 
relations between the former Soviet Union and the 
west, this invaluable work has been made widely 
available. Today, distraction osteogenesis surgery for 
management of orthopedic disorders is available in 
many major medical centers worldwide. 
 
The process involved creation of surgical 
fractures with minimal tissue reflection and 
manipulation of the fragments with percutaneous rods 
supported by an external frame. The technique 
combined minimally invasive surgery and application of 
a unique device which could manipulate bones and 
maintain fixation simultaneously. The device evolved 
into the components of the Ilizarov ring fixator used by 
orthopedic surgeons today. Ilizarov found that 
combining minimal tissue dissection, slow transport of 
skeletal fragments, near rigid fixation, and maintenance 
of skeletal loading, resulted in formation of both new 
bone and adjacent soft tissue. Achievement of stable, 
functional rehabilitation of combined osseous and soft 
tissue deformities represents a major achievement in 
reconstruction surgery. He established the  so-called  
Ilizarov  effects:  Gradual  traction  of  the  tissues  
creates  stress  that activates tissue growth and 
regeneration (law of tension-stress); and the shape and 
mass of the bone are influenced by the mechanical load 
and blood supply. Ilizarov performed tibial distraction in 
120 dogs. He observed that a distraction rate of 0.5 
mm/  day  caused  a  premature  consolidation  of  the  
bone,  an  index  of  1  mm/day achieved optimum 
results, and an index of 2 mm/day produced fibrous 
tissue. With respect to the frequency of distraction, he 
99 
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recorded better outcomes when it was performed 60 
times a day compared with 1 or 4 times a day. In other 
words, he defended the continuous application of 
tension. Ilizarov demonstrated that distraction was also 
produced transversely to the longitudinal axis of the 
bone, which is of relevance to the distraction of the 
alveolar ridge. Ilizarov described 2 basic types of 
distraction: callotasis, or distraction of the fracture 
callus, and physiologic distraction. They are also 
described, respectively, as distraction epiphysiolysis 
(fast traction: 1-1.5 mm/day)  and  chondrodiastasis  
(slow  traction:  0.5  mm/  day).
2
  The  concept  of 
callotasis is of interest in implant surgery, especially 
monofocal callotasis for the linear regeneration of 
tissues. When segmental defects are reconstructed, 
bifocal or trifocal distraction is used.
11,12
 
 
 
Distraction Osteogenesis for maxillofacial 
application 
 
Why not apply the Ilizarov method directly to 
maxillofacial skeletal reconstruction? There are a 
number of unique features of the facial skeleton that 
require special consideration when applying distraction 
osteogenesis. When confronting a length deficiency of 
the leg, for example, the anatomical structures are 
generally related in a linear, coaxial arrangement. 
Lengthening using an Ilizarov ring fixator is appropriate 
because the structure and function of the device allows 
great control of axial movements while maintaining 
coaxial alignment of bones. Limb lengthening  most  
often  involves  creation  of  an  osteotomy  
perpendicular  to  the transport direction. Given the 
linear anatomy of extremities, the ring fixator is ideal in 
generating skeletal transport and fixation under an axial 
load. 
Application of Ilizarov ring fixators with 
transcutaneous rods is not ideal in the facial region. The 
face concentrates many functions into overlapping 
anatomical units. Many anatomical structures are 
involved with multiple functions. Transfixation of 
skeletal elements with transcutaneous rods is generally 
not possible because of the interference with these 
other facial functions. In addition, esthetics is an 
important function of facial structures. Scarring of 
cosmetically important facial structures may result from 
external, transcutaneous devices. 
 
Osteotomies necessary to mobilize facial bone 
fragments  are  complex  in shape. The osteotomy is 
rarely perpendicular to the axis of transport. The 
transport geometry is therefore complex which 
complicates the determination of transport rate. As 
such, the response of the osteotomy to transport is also 
complex. The regeneration chambers in the orthopedic 
model differ from the maxillofacial model. The 
consolidation rate for facial bone transports may be 
affected by many factors. First, the complex 
morphology of the distraction chamber, second is the 
inherent difference in bone healing in the facial 
skeleton, and third is the effect of functional load on 
the consolidating site. 
 
To allow practical, clinical use of distraction 
osteogenesis to intraoral and maxillofacial applications 
requires modification in both armamentarium and 
surgical technique. Direct application of Ilizarov’s 
distraction osteogenesis method is not possible in the 
maxillofacial region. This is because the facial bones 
differ from the extremities in morphology and function. 
The key is to incorporate the positive regenerative 
capability of orthopedic distraction osteogenesis into a 
practical method for facial bone reconstruction. In the 
maxillofacial setting, Snyder et al.
21
  reported the first 
experimental studies in dog mandibles in 1973, and 
McCarthy et al.
22
 reported the first mandibular 
distraction in humans in 1992, using an extraoral 
distractor in patients with hemifacial microsomias. In 
1996, Block et al.
2
 reported the first alveolar distraction 
in dogs and, in the same year, Chin and Toth
15
 
described the first alveolar distractor applied to alveolar 
defects in humans after traumatic tooth losses. Different 
distraction devices are now available for oral and 
maxillofacial application, including mandibular, 
maxillary, midfacial, cranial, and alveolar distractors. 
Since Ilizarov’s reintroduction of distraction in 
orthopedic therapy using a scientifically tested method, 
new applications have emerged in the rest of the 
organism’s bone economy. One of the sites  where  this  
technique  has  been  introduced  and  is  under  
investigation  is  the alveolar ridge, both in mandible 
and maxilla. Since the first clinical application in alveolar 
ridge reported by Chin and Toth in 1996,
15
  the 
procedure has been used in both experimental and 
clinical studies. 
 
The Process of Alveolar Distraction Osteogenesis 
 
The process of alveolar distraction osteogenesis 
involves mobilization, transport, and fixation of a 
healthy segment of bone adjacent to the deficient site. 
A mechanical device, the alveolar distraction device, is 
used to provide gradual, controlled transport of a 
mobilized alveolar segment. When the desired 
repositioning of the bone segment is achieved, the 
distraction device is left in a static mode to act as a 
fixation device. Displacement of the osseous segment 
results in positioning of a healthy portion of bone into a 
previously deficient site. Because the soft tissue is left 
attached to the transport segment, the movement of 
the bone also results in expansion of the soft tissue 
adjacent the bone segment. At the original location of 
the segment is left a regeneration chamber which has a 
natural capacity to heal by filling with bone. This 
propensity of the regeneration chamber to heal by 
filling with bone instead of fibrous tissue is a function of 
the surrounding, healthy cancellous bone walls and 
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location within the skeletal functional matrix. As a result 
of the gradual distraction, the alveolar housing, 
including the osseous and soft tissue components are 
enlarged in a single, simultaneous process. 
Two types of distractors can be distinguished according 
to their bone localization: intrabone and extrabone 
distractors. Devices can also be categorized according 
to their function as distractor, implant distractor, or 
abutment-distractor. According to the direction of the 
regenerated bone, a distinction can also be made 
between vertical and horizontal distractors. 
New distractor designs are increasingly being 
developed, commercialized, and investigated in 
experimental and clinical studies. Different distraction 
protocols are presented for each distractor design, with 
reports on histologic results and associated 
complications.
23
 
 
Clinical conditions for  which  alveolar  distraction  is 
recommended: 
24
 
 
•  Severe atrophy of edentulous ridge. 
•  Segmental  deficiencies  of  the  alveolar ridge   
            that  compromise  the  implant placement   
            esthetically or functionally (unfavorable crown- 
            implant index). 
•  Narrow alveolar ridges, where horizontal  
            distraction can be applied. 
•  Gradual vertical movement of ankylosed teeth,  
            when orthodontic displacement is impossible or  
            has not been successful. 
•  Gradual  vertical  shift  of  an  osseointegrated  
implant  together  with  the surrounding 
alveolar bone. 
 
Advantages of alveolar distraction
25
 
 
•  No morbidity of the donor area, simplifying the 
surgery. 
•  Less  possibility  of  exposure  of  hard  tissues  
and  less  possibility  of  graft resorption. 
•  More predictable volume of hard and soft 
tissues obtained. 
•  Teeth or implants can be included in the 
transported fragment, so that occlusal or 
esthetic defects can be  
             corrected. 
•  Shorter bone consolidation period, reducing 
the total treatment time. 
•  Allows the use of complementary regeneration 
techniques when the outcome is not 
completely satisfactory. 
 
Complications of alveolar distraction and possible 
solutions
18,25,26 
 
•  Infection of distraction chamber. Prevent by 
prophylactic antibiotic treatment and adequate 
mucosal covering. Treatment: Antibiotics. 
•  Fractures of transported or basal bone. Prevent 
by the use of very fine blades in the osteotomy 
and avoiding expansion of the bone. Treatment: 
Suspend the distraction and treat with 
osteosynthesis. 
•  Premature consolidation. Prevent by 
performing a complete osteotomy and using 
the appropriate distraction rate and distraction 
vector. Treatment: Repeat osteotomy. 
•  Consolidation  delay  and absence  of  fibrous  
union.  Prevent  with  a  correct stabilization of 
the distractor. Treatment: Delay distractor 
withdrawal until consolidation; in absence of 
fibrous union, carry out debridement of the 
area and reconstruct using other regeneration 
techniques. 
•  Slight resorption of the transported fragment. 
Prevent with an overcorrection of the defect of 
around 2 mm. 
•  Wound dehiscence. Prevent by smoothening 
the sharp edges of the transported fragment.  
Treatment:  Resuture  soft  tissues  to  prevent  
infection  of  the distraction chamber. 
•  Distractor instability. Prevent by prior 
evaluation of the bone density and distractor 
model used. Treatment: Specific, depending on 
the distractor design. 
•  Deviations from the correct distraction vector. 
Prevent with prior evaluation of the thickness of 
the mucosa and vestibular and lingual muscle 
insertions. Treatment: Early correction with 
acrylic plates or orthodontic corrective devices. 
•  Neurological alterations. Prevent with correct 
localization of osteotomy and placement of 
retention screws.  
             Treatment: Immediate withdrawal of screws; 
microsurgery. 
•  Distractor fractures. Prevent with evaluation of 
the occlusion and avoidance of interferences. 
Treatment: Immediate withdrawal of fractured 
fragments and their repositioning according to 
the phase of the process. 
•  High cost of distractors. 
•  Need for the collaboration of the patient or 
family member for activation of the distractor. 
 
Conclusion 
Distraction osteogenesis is a new variation of 
more traditional orthognatic surgical procedures for the 
correction of dental facial deformities. It is most 
commonly used for the correction of more severe 
deformities and syndromes that were untreatable in the 
past. It can be applied to both the maxilla and the 
mandible and can be used in children at ages previously 
untreatable. It has shown excellent results with both 
predictability and stability of results. Further refinement 
in techniques and approaches are likely to make 
Distraction Osteogenesis a mainstream in surgery. 
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